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Introduction: Glucose 6 phosphate dehydrogenase (G6PD) deficiency is an 


Peeireview Method inheritable genetic condition resulting in the hemolysis of red blood cells after 
EIN oaty Wengen mre eee merge exposure to the risk factors. Its prevalence in Saudi Arabia is 4.76%. Objectives: 
URL: https://www.discoveryjournals.org/medicalscience The aim of this study was to evaluate the attitude and knowledge of Saudi 


mothers toward G6PD deficiency to guarantee the avoidance of triggering 
factors. Method: In this cross sectional study, 480 Saudi mothers from different 
- cities across Saudi Arabia were recruited to assess their knowledge and 

This work is licensed under a Creative Commons Attribution 4.0 . —_ . 7 . . 
attitude toward G6PD deficiency using an online questionnaire. Results: A 
total of 71% had not heard about G6PD deficiency and 291 (60.6%) had a poor 


knowledge level regarding G6PD deficiency anemia. Highly educated 


International License. 


mothers had significantly (P=.007) higher scores than low educated mothers, 
mothers with children diagnosed with G6PD deficiency, females who had 
undergone a medical consultation before marriage and mothers who had 
genetic assessment before had recorded higher statistical significance (P=.001). 
As for risk factors, the most known among study mothers were eating fava 
beans (54.8%). Pallor was known for 56.7% of the study mothers regarding 
clinical presentation of G6PD deficiency anemia. 214 (44.6%) mothers agreed 
that G6PD deficiency anemia is a severe disease and 253 (52.7%) reported that 
consanguinity is a cause of G6PD deficiency anemia. Conclusion: About half 
the Saudi mothers had never heard of G6PD deficiency. Therefore, the 
knowledge levels were considered low. To ensure better prevention of the 
triggering factors, it is recommended to provide health education programs 
on G6PD deficiency. 
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1. INTRODUCTION 


Glucose 6 phosphate dehydrogenase (G6PD) deficiency is an inheritable, X linked genetic defect due to a mutation in the G6PD 
encoding gene (Cappellini and Fiorelli, 2008). Erythrocytes are subsequently more susceptible to oxidative stress (Ruwende and 
Hill, 1998). It is more prevalent in men, but female heterozygotes can also be at risk of hemolysis (Luzzatto et al., 2016). Worldwide, 
over 400 million people are affected by G6PD deficiency, Hence, it is considered the most popular enzymatic disorder (Albagshi et 
al., 2020; Cappellini and Fiorelli, 2008), frequently seen in the Mediterranean, African, Asian and Middle Eastern descent (World 
Health Organization et al., 1989). It is a relatively common disease in Saudi Arabia, with a prevalence of 4.76% (Alharbi and Khan, 
2014). The eastern region has the highest rates reaching up to 26% in males and 9.9% in females (Albagshi et al., 2020; Nasserullah et 
al., 1998). Generally, G6PD deficient individuals are asymptomatic but can develop jaundice of the neonate and acute hemolysis if 
they consume fava beans, have certain infections or use some medications (Luzzatto et al., 2016). Neonatal jaundice is one of its 
most severe complications that can lead to kernicterus, death or spastic cerebral palsy (Gibbs et al., 1979; World Health 
Organization et al., 1989). A key component of treatment is avoiding oxidative stressors. Never the less, severe cases of anemia 
might necessitate a blood transfusion (Frank et al., 2005). 

A study was done in Egypt by (Kasemy et al., 2020) to assess the prevalence of G6PD deficiency among neonates with jaundice 
and evaluate mothers' perception of G6PD and NNJ. Their study concluded that mothers' KAP toward G6PD deficiency was very 
low. The majority of participants referred to G6PD deficiency as Fava bean anemia since they were unaware of the term. Almost all 
of them thought that fava beans could trigger hemolysis due to G6PD deficiency. Nearly half of the mothers believed that drugs 
could trigger hemolysis. AlJabrawi's study in Hilla city in 2015 assessed maternal knowledge of neonatal G6PD deficiency and 
reported that the level of awareness was reasonably good (AlJabrawi et al., 2015). 

However, there were still a few common misconceptions. Education and living in urban areas were associated with greater 
awareness among women. Furthermore, those who married into consanguineous marriages had more knowledge about the disease. 
A study conducted by (Alarrayed & AlHajeri, 2011) in Bahrain to evaluate the awareness of the public regarding G6PD deficiency 
showed a good level of knowledge of G6PD deficiency. Some of the participants had some confusion about the inheritance pattern. 
Women had a significant higher awareness level about the disease compared to men. Married persons were more knowledgeable 
than non married. A study by Almuhaini et al., (2018) measured the degree of awareness and knowledge of G6PD deficiency in 86 
randomly chosen respondents in Riyadh city. It concluded that the Saudi community showed a low level of knowledge regarding 
the disease, whether it is a blood disorder, as well as specific aspects such as its inheritance pattern, symptoms and that exposure to 
some factors can lead to hemolysis. 

A recent study conducted in the Jazan region to evaluate the public knowledge and awareness toward G6PD deficiency by 
Hassan A Hamali discovered good knowledge regarding the disorder itself but none regarding the inheritance mode (Hamali et al., 
2022). In Saudi Arabia, the incidence of G6PD deficiency has been the subject of numerous investigations. Although G6PD 
deficiency is highly prevalent in Saudi Arabia, two studies were carried out to evaluate the general public's awareness and practice 
about G6PD deficiency. One of the studies was carried out in Riyadh and the other in the Jazan region (Almuhaini et al., 2018; 
Hamali et al., 2022). To our knowledge, no studies have measured the level of awareness among Saudi mothers about the disease. 
Furthermore, there was no Kingdom wide data available on the KAP towards G6PD deficiency. Therefore, the present study aimed 
to assess Saudi mothers' level of knowledge and attitude toward G6PD deficiency. Having a better insight in to mothers' KAP can 
assist in developing educational interventions about G6PD to correct misconceptions and ensure that triggering factors are avoided. 


2. MATERIALS AND METHODS 


The current cross sectional descriptive study was conducted in Saudi Arabia from July 1, 2022, to August 16, 2022. An initial pilot 
research with 30 participants was carried out to evaluate the reliability of the questionnaire's Arabic version. The data was obtained 
via an online Google Forms questionnaire and was electronically distributed randomly among Saudi mothers. The inclusion 
criterion included Saudi mothers aged 18 and older who had a live birth before this study, while the exclusion criterion included 
healthcare workers' mothers and mothers with a medical education background. 

Based on the Saudi general authority of statistics, the latest estimated population of females aged 18 and above is approximately 
9,700,000, including non Saudi females (General Authority for Statistics et al., 2022). We calculated the sample size using the Open 
Epi website (Sullivan et al., 2009) with a confidence level of 95% and a 5% margin of error. The calculated sample size was 385 
participants. The recruitment of participants was conducted by convenience sampling and the questionnaire link was distributed 
among the population through social media and Emails. The study's questions were closed ended that was modified and adopted 
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from a previously published study. The questionnaire included four parts which are: (A) socio-demographic data, (B) knowledge of 
G6PD deficiency, (C) attitude towards G6PD deficiency and (D) practice regarding G6PD deficiency. 


Data analysis 

The data were extracted, revised and entered in to Social Sciences Statistical Package version 21 (SPSS: An IBM Company). Data 
were statistically analyzed using two tailed with an alpha level of 0.05, considering significance if P-value is equivalent or less than 
0.05. Overall knowledge level regarding G6PD deficiency was assessed by summing up discrete scores for different correct 
knowledge items. The knowledge score was categorized as: a poor level if the mothers' score was 60% or less from the overall score 
and a good level of knowledge was considered if the mothers’ score was 60% or more of the overall score. Descriptive analysis was 
done by prescribing frequency distribution and percentage for study variables, including mothers’ personal data, educational level 
and if they had a child with G6PDD deficiency anemia. Also, knowledge regarding G6PD deficiency, risk factors and, clinical 
presentations was also tabulated and overall knowledge was graphed. Frequency tables for mothers’ attitudes and practices were 
constructed. Cross tabulation for showing the distribution of participants’ overall knowledge level by their personal data and 
practice was carried out with Pearson chi square test for significance and exact probability test if there were small frequency 
distributions. 


3, RESULTS 


A total of 480 Saudi mothers fulfilling the inclusion criteria completed the study questionnaire. Mothers' ages ranged from 18 to 
more than 50 years, the mean age was 42.1 + 10.8 years. A total of 409 (85.2%) mothers were married (not separated/widowed). As 
for education level, 322 (67.1%) mothers had a university level of education or above, while 124 (25.8%) had a secondary level of 
education. A total of 55 (11.5%) mothers reported that they had a child with glucose 6 phosphate dehydrogenase deficiency (Table 
ly: 


Table 1 Personal data of sampled Saudi mothers, Saudi Arabia 


Personal data No % 
Region 

Central Region 109 22.7% 
Northern Region 107 22.3% 
Eastern Region 152 31.7% 
Western Region 112 23.3% 
Age in years 

18-30 129 26.9% 
31-40 127 26.5% 
41-50 166 34.6% 
>50 58 12.1% 
Marital status 

Married 409 85.2% 
Divorced / widow 71 14.8% 
Educational level 

Below secondary 34 7.1% 
Secondary / diploma | 124 25.8% 
University / above 322 67.1% 
Do you have a child with glucose 6 phosphate 
dehydrogenase deficiency? 

Yes 55 11.5% 
No 425 88.5% 


Generally, 29% of the study mothers had heard about G6PD deficiency, 66.9% of them knew that it was a blood disease and 
58.1% reported that G6PD deficiency (hemolytic anemia) is a genetic disease. Also, 37.7% said that the parents must be carriers of 
G6PD, or hemolytic anemia, to have an affected child and 24.4% know that Inheritance of G6PD is related to the sex of the child. As 
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for risk factors, the most known among study mothers were eating fava beans (54.8%), followed by Having a family history of 
G6PD (43.3%), some medications (33.8%) and mother related factors (19.2%). With regard to the clinical presentation, pallor was 
known for 56.7% of the study mothers, followed by dizziness and light headedness (46.7%), shortness of breath (41%) and jaundice 
(35.8%). In addition, 29 (6%) mothers answered no to nausea, vomiting, loss of appetite and diarrhea being one of the clinical 
features of G6PD (Table 2). 


Table 2 Saudi mothers' knowledge regarding glucose 6 phosphate dehydrogenase deficiency 


Domain Items No % 
Have you ever heard of glucose 6 Yes 139 29.0% 
phosphate dehydrogenase deficiencies 

No 341 71.0% 
(G6PD)? 

. Yes 341 71.0% 

Have you ever heard of bean anemia? 

No 139 29.0% 

Yes 321 66.9% 
Glucose 6 phosphate dehydrogenase No 33 4.8% 
deficiency is a blood disease. 

Don't know 136 28.3% 

General 

depepenees Glucose 6 phosphate dehydrogenase Yes 279 | 58.1% 
deficiency (hemolytic anemia) is a No 25 5.2% 
genetic disease. Don't know 176 | 36.7% 
The parents must be carriers of G6PD Yes 181 37.7% 
or hemolytic anemia to have an affected | No 78 16.3% 
child Don't know 221 46.0% 

Yes 117 24.4% 
Inheritance of G6PD is related to the 
: No 127 26.5% 
sex of the child 
Don't know 236 49.2% 
Yes 92 19.2% 
Do you know if you have risk factors 
. . No 103 21.5% 
for having a baby with G6PD? 
Don't know 285 59.4% 
: Yes 208 43.3% 
Having a family history of G6PD is a 
= : ; No 60 12.5% 
condition for having the same disease 
Don't know 212 44.2% 
Risk Factors 
Yes 162 33.8% 
Can some medications cause G6PD 
aes . No 36 7.5% 
Deficiency anemia? 
Don't know 282 58.8% 
Yes 263 54.8% 
Can eat fava beans cause G6PD 
; No 34 7.1% 
Deficiency anemia? 
Don't know 183 38.1% 
i ; pean Yes 272 56.7% 
t 
imbibe sos No 18 | 38% 
Deficiency anemia? 
Don't know 190 39.6% 
Are Loss of Appetite, Nausea, Diarrhea, | Yes 186 38.8% 
and Vomiting complaints of anemia of No 29 6.0% 
Clinical we 
; G6PD Deficiency Don't know 265 55.2% 
presentation 
Yes 224 46.7% 
Are dizziness and lightheadedness a 
_ ; No 24 5.0% 
symptom of G6PD deficiency anemia? 
Don't know 232 48.3% 
Is shortness of breath a symptom of Yes 197 | 41.0% 
G6PD deficiency anemia? No 36 7.5% 
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Don't know 247 51.5% 

Yes 172 | 35.8% 
Is G6PD deficiency anemia a cause of 
. ' No 45 9.4% 
jaundice? 

Don't know 263 54.8% 


Figure 1 illustrates the overall Saudi mother's knowledge level regarding anemia of G6PD deficiency. A total of 189 (39.4%) 
mothers had good knowledge levels regarding G6PD deficiency anemia, while 291 (60.6%) had poor knowledge levels. 


Good, 189 
(39.4%) 


Poor, 291 
(60.6%) 


Figure 1 Overall Saudi mother's knowledge level regarding G6PD deficiency anemia, Saudi Arabia. 


Exact of 214 (44.6%) mothers agreed that the anemia of G6PD deficiency is a serious problem, 253 (52.7%) reported that 
consanguineous marriage is a cause of G6PD deficiency anemia, 237 (49.4%) said that child with G6PD deficiency be monitored for 
life, but 145 (30.2%) disagreed for that pregnancy contraindicated if in the family there is a child affected by the anemia of G6PD 
deficiency (Table 3). 


Table 3 Saudi mothers' attitude towards glucose 6 phosphate dehydrogenase deficiency 
Yes No Not sure 
No | % No | % No | % 


Attitude items 


Is G6PD deficiency anemia a 
; 214 | 44.6% | 84 | 17.5% | 182 | 37.9% 
serious problem? 


Is consanguineous marriage a 
cause of G6PD deficiency 253 | 52.7% | 48 | 10.0% | 179 | 37.3% 


anemia? 


If in the family there is a child 

affected by anemia of G6PD 14 
, ; 77 | 16.0% 30.2% | 258 | 53.8% 

deficiency; is pregnancy 5 

contraindicated? 

Should a child affected by G6PD 


deficiency be monitored for life? 


237 | 49.4% | 51 | 10.6% | 192 | 40.0% 


A total of 192 (40%) mothers reported that they had undergone a medical consultation before marriage, 339 (70.6%) asked for a 
medical consultation after birth to be sure, but only 70 (14.6%) had a genetic assessment before (Table 4). 


Medical Science, 26, ms471e2533 (2022) 5 of 9 


MEDICAL SCIENCE | ANALYSIS ARTICLE 


Table 4 Saudi mothers' practice regarding glucose 6 phosphate dehydrogenase deficiency 


Don't 
Yes No 
Practice items know 
No | % No | % No | % 


Did you undergo a medical 
; . 192 | 40.0% | 288 | 60.0% | 0 0.0% 
consultation before marriage? 


Have you had a genetic 
70 | 14.6% | 356 | 74.2% | 54 | 11.3% 
assessment before? 


Do you ask for a medical 
consultation after birth to be 339 | 70.6% | 141 | 29.4% | 0 0.0% 


sure? 


Approximately 42.2% of highly educated mothers had good knowledge levels regarding the disease compared to 14.7% of a low 
level of educational mothers with recorded statistical significance (P=.007). Also, 78.2% of mothers with a child diagnosed with 
glucose 6 phosphate dehydrogenase deficiency had good knowledge levels versus 34.4% of others who did not have (P=.001) (Table 
5). 


Table 5 Distribution of Saudi mothers' knowledge regarding G6PD deficiency anemia by their personal data 


Awareness level 
Factors Poor Good p-value 
No % No | % 
Region 
Central Region 74 67.9% | 35 32.1% 
Northern Region 51 47.7% | 56 | 52.3% | .001* 
Eastern Region 78 51.3% 74 48.7% 
Western Region 88 78.6% | 24 21.4% 
Age in years 
18-30 73 56.6% | 56 43.4% 
31-40 75 59.1% | 52 40.9% | .318 
41-50 102 61.4% | 64 38.6% 
> 50 41 70.7% | 17 29.3% 


Educational level 


Below secondary 29 85.3% | 5 14.7% 

.007** 
Secondary / diploma | 76 61.3% 48 38.7% 
University / above 186 57.8% 136 | 42.2% 
Marital status 
Married 249 60.9% 160 | 39.1% | .784 
Divorced / widow 42 59.2% 29 40.8% 
Do you have a child with glucose 6 phosphate 
dehydrogenase deficiency? 

.001* 
Yes 12 21.8% 43 78.2% 
No 279 65.6% 146 | 34.4% 

P: Pearson X2 test :$Exact probability test * P < 0.05 (significant) 


A total of 51.3% of females with good knowledge underwent a medical consultation before marriage in comparison to 32.6% of 
others with poor knowledge levels (P=.001). Additionally, 18.5% of mothers with good knowledge of the disease had a genetic 


assessment before versus 12% of mothers who had poor knowledge (P=.001), (Table 6). 
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Table 6 Relation between Saudi mother's knowledge regarding G6PD deficiency anemia and their practice 


Awareness level 
Practice items Poor Good rr 
value 
No % No % 
Did you undergo a medical consultation before 
marriage? 
.001* 
Yes 95 32.6% | 97 51.3% 
No 196 67.4% | 92 48.7% 
Have you had a genetic assessment before? 
Yes 35 12.0% | 35 18.5% 
.001** 
No 209 71.8% | 147 | 77.8% 
Don't know 47 16.2% | 7 3.7% 
Do you ask for a medical consultation after birth to 
be sure? 
123 
Yes 198 68.0% | 141 74.6% 
No 93 32.0% | 48 25.4% 


P: Pearson X2 test $: Exact probability test * P < 0.05 (significant) 


4. DISCUSSION 


Generally, the mothers participating in this study had poor knowledge levels regarding G6PD deficiency, with a score level of 
39.4%, similar to what was observed in a study that took place in Riyadh by (Almuhaini et al., 2018), but in contrast to (Alarrayed 
and Al Hajeri, 2011) in which the knowledge level was good. However, an acceptable knowledge level was reported by (Hamali et 
al., 2022). In addition, in Saudi Arabia, when comparing the five regions, the mothers of the northern region showed the best 
knowledge level (52%), whereas the Western region's mothers showed the minor knowledge level (21.4%). 

The majority of the mothers (71%) did not hear of the term G6PD deficiency, while only 29% of them did not know the term 
fava bean anemia; this can be attributed to the fact that the disease is most commonly known in Saudi Arabia as fava bean anemia. 
This also was observed in a study conducted in the region of Jazan by (Hamali et al., 2022) and in Egypt by (Kasemy et al., 2020) but 
in contrast to a similar study done in Bahrain by (Alarrayed and Al Hajeri, 2011) in which almost all of the respondents knew the 
disease by its scientific name. Although recognizing G6PD deficiency as a blood disease and a genetic disease was evident by 66.9% 
and 58.1% of the mothers, respectively, the same awareness about the mechanism of inherence was significantly poor; this gap of 
knowledge was in agreement with (Hamali et al., 2022) and (Alarrayed and AlHajeri, 2011). 

G6PD deficiency is an X linked hereditary disease that only affects males who have a positive family history or consanguineous 
parents. According to (Kasemy et al., 2020), consanguinity and family history of G6PD deficiency was reported among 21.1% and 
29.6% of their sample population, respectively. Likewise, among the 510 infants and children who were participants in the study 
done by (Julien Didier Adedemy et al., 2015), 20.4% were born from consanguineous parents. In the current study, approximately 
half of the participants mothers denied knowing these risk factors corresponding to (Hamali et al., 2022) findings, as 80% of the 
participants were unaware of their risk factors. However, recognizing the ingestion of fava beans as a trigger for the attacks was 
observed in most of the mothers (54.8%) and a similar percentage (57.8%) was reported in (Hamali et al., 2022) study. Similarly, 87% 
of the participants had a satisfactory awareness level of the possibility that beans might precipitate hemolysis in an individual with 
G6PD deficiency, according to (Al-Suwaid et al., 2015). Likewise, exposure to an oxidative medication can induce acute hemolysis 
that was unfortunately familiar to only one third of the participants, this percentage is slightly raised to 43% 40% according to 
(Alarrayed and AlHajeri, 2011) and (Kasemy et al., 2020), respectively. 

In terms of the signs and symptoms, Saudi mothers showed a moderate level of awareness. Pallor was the most widely 
recognized symptom, then dizziness, shortness of breath and jaundice. Only a minority denied that nausea, vomiting, appetite loss, 
and diarrhea were symptoms of G6PD. These findings are in accordance with (Hamali et al., 2022). Furthermore, they are consistent 
with (Alarrayed and AlHajeri, 2011) study based on the order of signs and symptoms, although their population had a higher level 
of awareness as evidenced by more significant percentages of people who recognized each sign and symptom. Contrary to 
(Almuhaini et al., 2018) and (Kasemy et al., 2020) in which, the majority poorly recognized pallor and other signs and symptoms. 
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Despite the fact that hyperbilirubinemia caused by G6PD deficiency increases the risk of kernicterus and death in specific 
populations (Frank et al., 2005), only 44.6% of mothers thought it is a serious problem and around half of them had good attitudes 
towards if the child must be monitored for life for other clinical presentations such as acute and chronic hemolytic anemia. 

Saudi mothers’ practice was satisfactory for after birth medical consultation and moderate for premarital medical counseling. 
Nevertheless, only a minority had a genetic assessment. The results were inconsistent with the (Kasemy et al., 2020) study, where all 
participants had premarital counseling, a small percentage had a genetic assessment, but none of them sought medical advice after 
birth. Significant results were observed in the relation between Saudi mothers' knowledge regarding G6PD deficiency anemia and 
their practice. Over half of the knowledgeable mothers had premarital medical consultations. Furthermore, 18.5% of knowledgeable 
mothers about the disease had undergone a genetic assessment as opposed to 12% of whom the knowledge was recorded as poor. 


5. CONCLUSION 


The knowledge levels of Saudi mothers were low, as demonstrated by the fact that around half the participating Saudi mothers had 
never heard of G6PD deficiency. Increased maternal education, maternal diagnosis of a child with glucose 6 phosphate 
dehydrogenase deficiency, female medical consultations prior to marriage and maternal genetic assessments all significantly 
improved knowledge. About half of the participants had good attitudes towards the seriousness and the relation of consanguinity 
to glucose 6 phosphate dehydrogenase deficiency. It is recommended to offer comprehensive health education programs on G6PD 
deficiency to provide more accurate and earlier detection, appropriate timing of treatment and better prevention of the triggering 


causes. 
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